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[#Si£] 

[ga##] RJH14-151T 

IIIWB1 ¥^14^10^31H 

[£>-c3fc] ^JtS-B JR 

imm&ffiS-M] C12N 15/09 

W*2L<om 16. 

[&mxi*mm ^mmm^m^m^m 1-7-22 a^^se 

[ft£] ttili 2K: 
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[ft*] B# 

[ami 

[ttBrXttJ&Br] #^Jil**^»^.E5|cJ£Wr 1-7-22 S^k^WSS 

[ft*] 
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[ft*xtt*»l a^ffc^w^f 

[»«U#-^] 396020800 
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im^^r] 100064908 
[»J#-5§-] 100101465 
MfeBUS^] 100106909 

u&sxttfcft] «a# sis 

ttttfll*^-] 100120396 
[«S0#-f-] 100106057 

[ft«x»±*iw «m# sot- 

008707 

21.000R 

1 

mm i 

Kite* l 
[^-7^1 55 
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1/ 



1436*S *i> tt/i^M^- n v ;v t R N A&timm , 
( B ) ±1 E'^Hf - ny;VtRNA ^ja»*0#<ETt?±IBf - n v h 
eJtE&> (Bacillus) ^3^5X7 (Mycoplasma) ^> Xte** 

7^nn^^ (Staphylococus) SK14n«Ei3* W^lx 

[W^3] _tffi (B) t^V7t-tRNA^V\'f^ • XfTnt- 
77> (Bacillus stearothermophilus) ft^'t7°V7t-f Qv"/ t R 
NA-CiSU^ 1 * fcti 2 ^IBIROl&^^o 

[»^4] (A)|Ifny;i/tRNA^»\ 3 7fifny>S 

[»*^5] (A) fIfny;vtRNA^»\ 3 7fifoyV ( 
Y) -hK '<V> (V) „ n^v> (L) „ -fvn^fv> (I) S^tir^-^ ( 
A) KJ^ffi&S*^ ^19 5t^^5> (Q) ^7?-> (A) > y^r 
4V (C) , -feV^ (S) . tt:l*TW?¥> (N) -ett^^tt^^nv 

;v tRNA^it-e^-5^4 cEHonam 

If**:® 7 ] 1 #M 6 wv»r*t^— 3lHfB«0^tfeH Lfc^o Tf& 
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( B ) JhSBggHf- n v;v t R N A^ja**O^T"e±IBf - n v >t£^ffc 

5it<7)^-7 o u-7-9— t rna^ ±mbwmmftr*%m2*t2>%;m'<? * - 

Ifflf^lO] ±12 (B) -9-7W-9— t RNA^W ■ ^f7nt 
[ff^l 1] ±15 (A) tIfny;vtRNA«I^ 3 7tfn 

v>;bu>*i 9 5i&y)v? $ >\,zmm+&tiLW.K&&&$:iffc&&?-uz/)i> t rn 

[»*^12] JifS (A) fifny;vtRNA»«^ 3 7fi^n 

(Y) AV> (V) > n^fy> (L) > -fVD/f-» (I) itziiT? 

(A) KJ: *)tt&£*L, ^oi95fW^ (Q) *»75-> (A) , 
v-*x-f> (C) . -fe 1 ;^ (S) , *fcf±7*'<?3 f > (N) -ClIifeStafcSE* 
fny;vt RNA-frJft»*-C*&»*3ll 1 Kffiic^i&MBJ&o 

[IS^l 3] PSILaaBIISl-C*4»^8^Ml 2 0v>1**L*-3gfcSBIft 

[m*3U 4] HB?!l#-^l<7>EyiJ«r^i-*DNAo 
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3/ 




i (own lt & z>3m.s<>7 * -o 

Mra&a 1 6 ] @5?U#^- 1 OlE^iJ fcWf 5DNA K 9 IHRyj $ ft 
[0 0 0 1] 

[0 0 0 2] 
[0 0 0 3] 

7</7V;vtRNAMft (JJIT, aaRSb^) li757^ttRN 
ftfc-tZ 2 0^|g(7)T^ym^tL^tttC^LT2 0 *« «BflSF«3twl± 

y;vtRNA^if (J^T> TyrRSiH) ti\ W/tRNA (J^T 
> tRNA T y r i^Hi:U^) fcifeOT* t RNA^<bi&S!]LT£ 

[0 0 0 4] 
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[0 0 0 5] 

^<7»£Trl^^a a R S K <fc oT T S y' T->;Mt$fr& AXiHSBf-^&lf H1~ 

^<£><fc o^Alim^m^ommotzibKii, \>XT<0&ft*mtz-t. aaRS 
• t RNA<7)MtBti h«^-e£>& : 

( 1 ) a a R S li> ®HtO 2 0»7 ^ y M<?>^-f < . MH^^. 
M7^tt#^i:E£t* a aRS^IW^-i: ; 

(2) tRNAfi, mi%<7>2 0Wmv>T$ SM^m*) MX btitz^ V>X&*^ 

^o, ±ffi#^£MT ^ y m^Hlft& a a R S^imfa^VfrWMZ ft, m^m 
fOaaRSi:ii|I?^V> (orthogonal tRNA) % <DX$>& £ t 0 
[0 0 0 6] 

iOi^^^I^ AI«fS^i:Lt, ^^MT^ymSr^b 

RNA^) trv^t- tRNA^lC^^MT^ /i^^^-t^it (a 
aRS) *m^2>ZttfX%2>o i<0^*^XAWTIi, ^#1^^325.^ 
4 trf am £ *vc v» 4 o 

7 T v Mfci" L ^ ^ / =r y * * v t- v (Methanococcus j ann 

aschii) 6*<7)TyrRSfI^> MfifOf ny> t RNA^f U 
7Wn*-^-/W9— t RNA£3£fi$-€\ 0-^Wn'»jl»7^-3 K 

[0 0 0 7] 
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5/ 



q>-e&Mt a a R S/ra§&£*vCV>& 5) o 
[0 0 0 8] 

[0 0 0 9] 
[0 0 10] 

(Koide) y-f-f > ^ • 1 7 • f • t v a t ^ • 7 * f5 - 

• • (Proceedings of the National Academy of Sciences) , 

USA, i8 5t, 1 9 8 8^ p. 6237-41 

(Noren) *M;r.>* (Science) , f2 4 4t, 1 9 8 9^ p 
. 18 2-8 

(Wang) <b> -9-W^>^ (Science) , f2 9 2t, 2 0 0 1^ p. 4 
9 8-500 

v-^ — T f>"s * *r^iifr - V^rz-y- < (Journal of American 
Chemical Society) , *12 44 2 0 0 2^, p. 1836-1837 
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(Kiga) -fuis-rj • *7 • ■*? - i-^zi-fr - TJjT<- - * 

-? • HJ- 4 x. v x (Proceedings of the National Academy of Sciences) .» US 
A> H9 9^ 2 0 0 2^7^23H, p. 9 7 1 5-9 7 2 3 
[0 0 11] 

[0 0 12] 

(1) (A) «f»fny;vt RNA«f^IWot, f-n 

Hf:IIfny;v t RNA^fh, 
(B) ±fE3fcJ**-n->/l/t R N AMf i<7) ^Tt'±f2f n v >f f 
oSffi*. Wn^X^l, X(^^7-fn3 7*^Igttifft 

W/V^t- t RNAiu 

u > >SH»#«rflJt Ddt**^ ^il7 5 S * > 

(2) ±|B^nv>^#^ 3t»D->^^ (1) &K&m<0&&% 

(3) (B) tyV7t- t RNA#AW • 7Dt~^ (Bad 
llus stearothermophilus) fiWyi/yf-f ny>t RNAt'^li (1) 
Xti (2) £K8B<ft03&S3r8co 

( 4 ) (A) ^-7- nviHRN A#***^ 3 7f f D v >^.l>* 1 9 5 ft 
;v^5>tw«^i"S^gH^«r^tt^^n'>;vt RNA^fft*5 ( 
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1) ~ (3) O^-r^-^^ffi^O^^o 

(5) (A) iifny;HRNA«f^ 3 7tfDy> (Y) #\ 
> (v) . D^fy> (L) . -fyn^v> (I) ttz\$T7-> (A) CJ: 

^ol9 5te^;V*^> (Q) * s 7 5^> (A) , v*7-Jy (C) ^ 
-feV> (S) , ^fciiTT^^V (N) «$ti/:tIfny;HRNA^ 

&mmx&z> (4) ^t;ia®<7)^^o 

(6) iti)i&«iLiiit*^ (i) ~ (5) m<r>^-rtifr-mKmm<7>% 

(7) (i) ~ (6) w^rtifr-m^m^mzLtztfvx^mz^tzty 

(8) (A) «I»fny;H RNAWI^flft^ot, ^nv 

£'£#1^ n t RN A«|^lMJIrt«H^I^^ * - £ > 
(B) Jilfi^^nv;vt RNA^^^«T^±fB^nv>M^#i:^ 
«ritg&. s^JVxm. v-fn^XYl, X{iX^7^D3 7*^IItiIfi 

(O mm^m^i->^y^m^^tzmm^^y^^m^^±^W}m 

t U -LIB* g<7)i- >^^<7)^fiHJifB^n v vMS^&Hfc 

(9) _hfS^nv>MS#^> 3<5:am^nv>T^^, (8) m^UmvMWm 

(10) (B) t7 , l";t-tRNA^W-7f7Dt- ; e7'f7X (Ba 
cillus stearothermophi lus) ^tT'l/yt-fnyy tRNAt^S (8 

(11) (A) flfoy;H RNAM»\ 3 7 ft?- n~> 9 5# 
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8/ 



(8) ~ do) ^ov^-rtL^-^tcie^oijt?«c 

(12) (A) fifDy^tRNA^if^ 3 7{i^nv> (Y) i>K 
i;y (v) , n^>> (L) , ^fvn/fy> (I) ^:l±77-> (A) tciO 

^oi95tW^> (Q) #75-> (A) > y^f r/ (C) 
, -fe 1 ^ (S) > *fctt7*'<93r>' (N) tfi?ti/:tIfDy;HRNA 

" (li) ^^ffi«<7)»«o 

(13) PSfL«»-e*>^> (8) - (12) ^O^-frt^— «twSS|Ro»1&#IBI& 



Z tt&W l± , Tf SO D N A R.xm&** ti^l" & o 

(14) ie^ij#-t KDwm^-t&vK&o 

(1 5) »^fl&rt^^$tL^^@B^J^^|^^U@E^J#^10SS^J^'^ 

(16) @E?'J#-§- 1 OlB^iJ ^tnDNA i)m^ K 9 fflifi^J S *LT * n - 
Ztltz, (15) |B*tO|&a^^^-o 
[0 0 13] 

(A) StiW^fnyA't RNAMit<O^I^^"C, ^nv>K 

( B ) ±ffi^^ n -> ;v t R N A ^if<?)^Tt±iaf o v >1§ z£# 
SfcW/Wy^-- tRNAh, 

[0 0 14] 
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[0 0 15] 

(1) SEHTy r RS 

IWCBiL> ^otRNAtU, ffflt5tyv?t-tRNA*!|IWi: 
lilt, ^n->;/g!#jfca**S#l,fc t^V'yf - t RNA«:4i?^iH J 
"CI SWIIA^T y r R S <Ofl#1?$>*o ^ift ttli, K12ft, B*fc 

1% »Ifi*<7)fny> t RNAti^&tJOTy r RS taSL^v^ 
[0 0 16] 

3-^n^Wfc^nv>#^f£>fr<?>o i*tt>ti-€-tLe#t?^afiMt 
&&&<7)T% 3-AnyWtfny>^W:^w^Itt, 

[0 0 17] 

*)J§®OTy r RS (g^M) <^7 5/W (IS?fl#-^ 2 9 ) «rl^*flB 
-eH 8 KTF-fo 

^»f>^^iTyrRS(i, tfljx.^ 1"C^^J^ tLTV^-ffe^T y 
rRSfcfn5//l/AMP©tt^03-DiJt7'-^ (0flx.tf* Brickfc. J.M 
ol.Bio., *2 0 8* (1 9 8 8) p. 8 3 KlffflRStLTV** 3 -Dfllat"f-^ 
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£^3 7ft0^nv> (Y) h 1 9 5 ft?) * ^ > (Q) * 
[0 0 18] 

$<otc$ft L < t±. 3 7tf ny> (Y) ft\ (V) . n-Tv> (L) 

, ^fyn^fvV (I) £fcteT7-> (A) KJ: gflHfe$*u ^ol9 5t^ 
(Q) tfT?=-y (A) > v^r^> (C) > -feUV (S) , itzitTX 
;*?Jfy (N) •Cfi»$ttjt«>0*fflv^it7& s T?§*o Ztih<D9l&K£ *) 3 
-3 - K-L-^n v^o##fe^i6^tt^C:fc^^SEL^jg**, ^1 

?_^T~5ft&LT£M$*L& VK*5Ei"t*n^ K"b^ft (Lloy 
d«b> Nucleic Acids Research vol23(1995) pp2886-2892) fcfMfrftU te^ 1 ; 
>£Biomol green (7t3v) £^ LT^mi"* i t "C> 7 5 T *> /MtRJ£ 

[0 0 19] 

[^1] 



MM 



(Y37, Q195) 

A37A195 
A37C195 
A37N195 
A37S195 
V37A195 
V37C195 
V37N195 
V37S195 





3-3-K -L-fiW 


mm 


fo*Ss 


+ + + 




V37 


+++ 






I37A195 


+ 




++ 


I37C195 








I37N195 




+ 


+ 


137S195 




+ 


++ 


* L37A195 


+ 




++ 


L37C195 


+ 


+ 


++ 


L37N195 


+ 




++ 


L37S195 





3-3-K -lrf**SS 



++ + 
+ 



r+ +j : wmwt& o . 2 5 /i MT-stt^ta^nfc- 1 

r+j : 25/iM-C. r++j J: 9 fcffi^igtt#&&$;frfcw i: Sr^-r. 

r-j : mm&&o . 25n Mt-stt^aisn/i^- 1 
[0 0 2 0] 

4«-e*>> 3 7fi^r/t-19 5B J y^f^> (V3 7C 
1 9 5 tfttZ) «>«2JWIs 3 7tt*«^y Vt?l 9 5{i^T^^^^r> (V 3 7 
N 1 9 5 fc5fc"t&) *>*BWfls 3 7te^'J 1 9 5W7-> (V 3 7 A 



ttilE^ 2003-3100219 



2 0 0 2-3 1 8 8 4 6 ^ I 11/ 

1 9 5tfot&) <D$t&fa 3 7iii) s 77->fl 9 5 4 > (A3 7 
C 1 9 5 tftt*>) Lv\ 
[0 0 2 1] 

ff&nOtmZL^o Witt. yflHoffi«*3- Ki-«tt*E9H*?fc 

^i7<;^3- Ki--6tt*Ky!l^1KfttfcDNA*lilB$*-CH ifiJSS-tfr*: 
DNAWfM-*^^*^, aRS^»3 - Kfl»DNAl:#t, 

£*L**IMfc £©*±*Ufe*JBv»T*3l3-*& - £ K X y) ffl«K»jfi1-& - 

t < ii 20-50 &%m&xib ho z<d-7?4 {*&^i!tr<7>7G<7>ms@e?iJ 1 i± 

[0 0 2 2] 

yADNA^iltU ^VD??*-?- (1) , (2) *Iv^PCRi:J:ot 
*BISU3^WfM-*^ Ndel^t^Hindlll-e^JKffLTtmiC, p E T 2 6 b <£>NdeI-HindII 
iaB&Kj&#&tr£fcTN Ty rRS©M^^-pRT-YRS^m 
o ;fcIM*V ADNA£#HU~1-& ^ti> 0. lmL^E^*BW##»^lfil 
JRLfc*»«*9 5Trci 0$WH!in3ftLfc<> P C RRf&ifcfc2jnx.& - 

[0 0 2 3] 

y'y^-?- (1) : GGMTTCCATATGGCMGCAGTMCTTGATTAAACAATTGCAAG 
(BB^J#-t2) 

[0 0 2 4] 

t^t- (2) : gccgmgcttgtcgaotoca(x^^ 
(e?»#*3) 

[0 0 2 5] 
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21\ 3 7ftl/clil 9 5fiOlt0f^OT5/^fM^SIt*o 3 
7 ft&tf 19 5 H^rii^fKD 1 i®<7) T ^ J ^OS^^r 3 — K"t" <2> D N ASS^J £ 

{'m.-f^tzmz.m.mt^-fy^ (3) (8) teJ^T<7)il«9-e£>;So 

[0 0 2 6] 

-7-^^ v _ (3) : aggatcgmgccgcmgcga(x:gcgatc(xkjccttgcgcc 

(WJ#-^-4) 

[0 0 2 7] 

y^'fv- (4) : a(X}atcgm(x:c(x:ammgagc(k:gatcgg(x:cttgcgcc 

(@B^J#-^5) 

[0 0 2 8] 

[0 0 2 9] 

/7^v- (5) : acggtgtggtgctgtctattggtggttctgacc 

[0 0 3 0] 

•7° 7 4-?- (6) : ACGGTGTGGTGCTGGCMTTGGTGGTTCTGACC 
(@S^iJ#-^7) 

[0 0 3 1] 

7?-fv- (7) I ACGGTGTGGTGCTGMCATTCGTGGTTCTGACC 
(@E^J^8) 

[0 0 3 2] 

7*7^- (8) I ACGGTGTGGTG(nxnXX^ATTGGTGGTTCTGACC 

(@e^ij#-^9) 

[0 0 3 3] 

>Xl~, 3 7^25.^1 9 5fiWM^07 5 / f ^«$tL?tZ7 5 7 ttt» 
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^S-enr ^ y 3 - k-t s d n aib?ij fcfBR u pET-yrs <dm 

el-BamHlW KgAi" &o t-/t-7^-x^7>y3 ^7^- ( 
1) £: (10) Oft^ 7?>Tt- (9) £ (11) 0&£**L^*lffiv>Tit*@L 
fe2ooifr*««U £*L&fc:/?>f*r- (1) (9) Zm^tzPCRX-m 
(Si- & £ £ i o rfi 1 9 i **"C § & o 
[0 0 3 4] 

7°^ (1) : GGMTTCCATATGGCMGCAGTMCTTGATTAAACAATTGCAAG 

(BS^iJ#-f-2) 

[0 0 3 5] 

y^'fv- (10) : GATCATCTGGTTAACGGAGAAGTGTTTGCC 

(m^m^- 1 1 ) 

[0 0 3 6] 

(9) I TTCTTCGGATCCAACCAGACTGCGCCGCCTTC 

{w&m^i o) 

[0 0 3 7] 

^7^7- (1 1) : GACCTTCCTGTGCGATATTGGCAAAC 

(M^m^ 1 2 ) 

[0 0 3 8] 

±I5X®-e#f>tL7t^^MDNA77^p« > h 7° 7^^ KpE 

T-YR SF*3<7)7 : '^ / '7 P V— >75^>b«i fctfJftffiKif fE*M t y r 
R Sitf5T-^-^tf"7°9X5 K"£\ ^1-^y<Dj3& (Hanahan,D(J.Mio.Bio.,166,5 
57-580)) KmCf^nn^^^ «K ^MIBLR (DE3) K^Ai - * 

y r R S **Mn*rC*S3-€:* - fc* c T?fc *o 
[0 0 3 9] 

[0 0 4 0] 
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^12 0 0 2 -3 1 8 8 4 6 ^ i-'J : 14/ 

(2) V-fls-??- t RNA 

±f5^Ty r RS tft*^Tf fflSili, t/I^^f - t RNAIi, il 

«9^T«b*U ^o, ±ffi^&MT Ty rRS82#W££0*©Wft 

S*L % JJ|±OjI1!fOa aRSfctiSfftSfLfev* (orthogonal tRNA) iiv^gf* 

t>-b>X3K>ttt(i, U A G (TW<-) > U A A 
) % UGA (*^-;V) *«^»fe>*L*^ U AG (T^M-) aKJ'^i: 

[0 0 4 1] 

tzo j^ffi ^nv> t RNAfiW/Vft-fai/> t RNAWJI^ 
#^(i> 1"CK:fcI&*LTV*a (M.Sprinzlk. Nucleic Acids Research 17, 1-17 
2(1989)) o Ztl*m 2 H^-To 
[0 0 4 21 

— fi£K> If»tWt RNAOf&Jlte, t RNArr-xV >?WJl*l0 2o 

XBtUJfl^tv^o sKy AO a *E#J (TRGCNNAGYNGG ; I2^!i 

13) (±, 8 ft- 1 6 -fiOTRGCNNAGY £ 1 8&~ 1 9{&OGG-e£ «J > ** y 9 
XB<D3>*z>Vxm.m$5 2{£~6 2 fiOGGTTCGANTCC (@B^iJ#^ 1 4) 
0> EI 2 K£v»"rO , efflA>rt?Ey!l"e&*o ^XBO=r >-fe>-?-*E?!H± 

, AGTTCGANTCT (@B^J#"^2 0) T?i> £v> 0 

o iot, ro^lftT'l/^-fD'^ t RNA£K^J&F*3"eS££$-£& 
7t«i)H, U 9 h C 1 0 ZAt Gt^ftL> **^^AW3^^^f^J4: 
ffcRL (02) > itll^W^^^m G10-G25f±s G2 
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^-v : 15/ 




T y r R S fc> T *>> ^"/V '7 v a &v>,r ttft>fr<oti 0 

[0 0 4 3] 

-ItUlStU Bacillus stearothermophilus^-/!' y -9— f-n v> t RN A 

?7>B t sj?y ? XAtefa^^LX^Z) (M.Sprinzl^ Nucleic Acids Researc 
h 17, 1-172(1989)) (EI2#HS) itCflU ^ ^> tin x. ^ < T & jlC 

[0 0 4 4] 

■ZrLXMBK, B. stearothermophilusfi^<7)-9-7'V^-9--^D v> t RNA 
£ Bfc^T KWjmfflB'C^ A1" & £ #> <D ^ ? * - £ * n - > ft L T l&t7*fflJJ& K# 

[0 0 4 5] 

^#^-e^^>^^^-9-7 0 ^^-9— t RNAfi. ±|B^d»ffiS*03E*T y r 
[0 0 4 6] 

lfny;vt RNAMff^TT-fn is >M&& rt*f-*7, 

tRNAf$>^ 0 C*L?>0 t RNAOE9!llcov>rti, http://medlib.med.utah 
. edu/RNAmods/trnabase/^ /if±http://www. staff .uni-bayreuth. deAbtc914/sea 
rch/tC|Bfc$tt-CV^o 
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2 0 0 2 - 3 1 8 8 4 6 ^ ^- v : 16/ 

3F> (U A G) ) Kftmm*T>^? Y'>RV t 3.tm& (LlttjlW^) 

- 13) i: ** y * * B <D =r > -fc > -fr* gfi^J (K^J#-^ 1 4 t tz tiffi#l#-§- 2 
0) &rt»fcS-tr£fc£j£i*-f *<> r±ffi^#^nv;u t RNA^ff 

«Ttfny>i$#J:^WiJ fct±, t!fny;vtRNA^Mi: 
J: *}«Mft»t-ttl*$*t-c^n V^fNMfcfc - t^l^t^V t 

t RNAfi^t^Vyt- t RNAcO^Oi: LTfi> Bacillus stearothermophi 
lusO^tt v> t RNASW/V^t- t RN A> Bacillus subtilis^n 
y>tRNA 7" l/-;t-tRNA (http : //medl ib. med. utah. edu/RNAmo 
ds/trnabaseA ^^#-^DY1540 I E. F. Wawrousek <b . (1984) J.Biol.Chem. 259,36 
94-3702#BS) „ Mycoplasma capricolumtf>^n v> t RNAftW^V vV— 
t R N A (http ://medl ib. med. utah. edu/RNAmods/trnabaseA SSS^DYl 140 ; 
Y.Andachiib, (1987) Proc. Natl. Acd. Sci. USA 84, 7398-7402#KQ „ Staph 
ylococus aureus<7)f-o v > t RNA^Ot/l/'yt- t RNA (http://medl 
ib. med. utah. edu/RNAmods/trnabaseA ^###DY1480 ; C. Green, (1993) J . Bact 
eriol. 175, 5091-5096#P.s) fflglfbti, tftt L < liBacillus stearothermoph 
ilus^^nv^ t RNAfi*Ot^I/?f- t RNA**ffl^f>tt* 0 
[0 0 4 7] 

(3) ilTyrRS, tT'V-^- t RNA^WMt^Hi 

y r R S ^Wj^M^^M^-t^tz^i^ v^&&2r&?)§&5P&T- 
ifflv^it^tlv $);U£7pm?>p CDNA3. 1 (^>ehnyx>tt) 
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^-v : 17/ 




N p A G E 1 0 7 (Cytotechnology, 33, (1990)) , p A G E 1 0 3 [J.Biochem. 1 
01,1307(1987)]*ir*ffl^acifc7&*-ei*o Wft- t RNAIiv^ 

ti l ti4o*!^ pBR 3 2 2 (Sutcliffe, J.G. , Proc. Natl. Acad. Sci.U.S 
.A. 75,3737-3741(1978)) ^M^i^li, 
[0 0 4 8] 

£fcri*T?§, ?u>f-y ?t±^ A >fcf h n >*±ft if^ib rfrlfcSft. 

[0 0 4 9] 

iM^^^-(7)SAM^ LTte, fl!]x.l£, m^#?Lv£ (Chu,Nucl, Acids 
Res. 15, 1311-1326(1987)) , U^BI^^^^Aft (Chen, Mol. Cell Biol. 7,274 
5-2752(1987)) , 'J*'7x^i/g>ft (Derijard,Cell 7, 1025-1037(1994) ;Lamb 
, Nature Genet ics 5, 22-30(1993)) ft ttWfctf fc*L& o 
[0 0 5 0] 

(4) fKMT^tm^^^^^^^S 
[0 0 5 1] 

[0 0 5 2] 

JjtCH^^ttftV^^ Hashimoto-Gotoh, Gene 152,271-275(1995) 
„ Zoller, Methods Enzymol. 100,468-500(1983), Kramer, Nucleic Acids Res. 1 
2,9441-9456(1984), Kunkel, Proc. Natl. Acad. Sci. USA 82, 488-492(1985) 
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, mmx^mm mmm,i:^m^ y a-^j , ^rstt> 2 4 1 - 2 4 si 

(1 9 9 3) J £fBSfc*>:£i£> tfzit TQuickChange Site-Directed Mutagenesi 

sKitj Uf7^y->ti) zmm-rz>ij&% t'lzmcr^ m^mrn-tzz 

[0 0 5 3] 

ym^M-t^^^-e^a to z(D£7%?>;*?wtLxte, mm^K 
im*<Dk<D-t)mt>tix^2>tf, ^jiif, KY±Bij&-g:m z F$:mfoffl%mv*'( 

y (H.Ogiso<b, Cell, 110, 775-787(2002)) . t h Groucho/TLEl * >/^SC (L.P 
ickeles<b. Structure 10,751-761(2002)) . 7 7 -t~ (J. Til 

l«b. Structure 10.1187-1196(2002)) kif^o^T, ^il7 5yMi) 

, BM<d C£3fc<7>) s*?-><Dmm*mi)nZtitzTu 2>?ztb<D& 
[0 0 5 4] 

(5) m± 

Ikt^ot, _hffiaaRS, t^V7f - t RNATOKil75 
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2002-318846 ^ ^- v I 19/ 

X^AX^-|pm (CHO) hCOS«m o &*)<&m%mt, SV40K 
«toTBMf£^t7t-9-;vW-MC V l^(COS-7,ATCC CRL 1651) ; t hJEWHc 
^(2 9 3X{»^*W^fflK^X*n->L£2 9 3«BJ3^ Graham J 
.Gen Virol., 36:59(1977)) ; f- W --X^A* * -|pm»/-DH F R (C H 
0, Ur 1 aub £ Chas in, Proc. Nat 1 . Acad. Sc i . USA, 77 : 4216 (1980) ) ; 
'J»(TM4, Mather, Bio l.Reprod., 23: 243-251 (1980)) ; t: Hftt(Wl 3 
8, ATCC CCL 75) ; t bJTO«(Hep G2, HB 8065) ; &tK^*?Ug(MMT 0605 
62, ATCC CCL51) ^r-i-tf o Cl*i<b<^£{±, *) , 

4r«^iWJ603HRt±. iff ^ftlrtt^So 

Zitbli, Wx.tf* Molecular Cloning H2J&, Cold Spring Harbor Labora 
tory ?ress(m9)%&ZtmZftttmzmCXft%l ZttfX'ZZo 
[0 0 5 5] 

Chinese hamster ovarytt (J^T> CH0,«) ) «^ttv^ 0 tfU&ft 
(#0|*H$) "Cte, "9" "XV ? "9*— tRNA ( "B. s. t RNATy r» £ a 

aRS ( "E. coli ^H#: TyrRS" fc^) tfZti^tlO&W&frh&ZLLX^ 

^i4"03-3 - K-L-f n y toil tttfili:! ti> *fl§ 

TyrRSOfi&iKioTB. s. t RNAT y r 3-3 
- K-L-7-n B. s. tRNATy rciot'J^V-AlHS^T, >f 
• n K> (CCT'tt, UAGn K>) 0»1R£JI3v>£>*l&o M^Ote^O 

[0 0 5 6] 

cut, ^n^o^^tcttLtf, mmmmtzte^x, swotted 
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-t&=b*>, (A) ^iIi*©Ty r RSOfl^ot, fav^W 

(B) ±fe^Ty r RSO^T-e±fSf-nv^M##t^PXfi^, X*-* 

tzm-tzMwrnm*. ^(ommmm^mm^^tz^ w*.&> cho* 

G>*fr, Opt i -MEM I (Gibco BRtft) £0 fci «Ofn-> vaHMfrfcffiilOLfc* 

Unites 0. l-3mMtE JfiKiiO. 3mM@Sttl»o 
[0 0 5 7] 

fctt b T n & * f> {i\ *l £ iSfc#J (« «iTr i ton-XlOO) £ ffl v » XX 
[0 0 5 8] 

&ffimmK3izfrmitm, mm, mm, frnzM. 

4-, 77-f =-7-4 Y?y7<i t®M?w? Yfyyj -> SSJMk 
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[0 0 5 9] 

AGCG(ntXGGTTTTTCTGTGCTGMCC^ 

flmAAOmCGGACTCTAAAT^^ 

GCGGTTTTTTTCTCCAGCTCCCG 

mvm^ i ) 

[0 0 6 0] 

^<dwm^ i oE^jti* t f otRNAit^r-o v - r-@a^ij (E?!i## i 

il-5 5) h % Baci 1 lus stearothermophi lusO^ n v > t R N AitfsT-O T 

; iS^J#-t 1 <7>mm 5 6-137) , J3 <fc JFI?^ -5 {w^m^r 1 O 

j££l 3 8-1 6 7) *£OJtt#te«*&L;fcAIWfc^B^T^fc&o 
[0 0 6 1] 

[0 0 6 2] 

-tt. tt»*ffl|j&rt*eB«$tt*l|HI«lEyiJi:UT, #;>**A, BR^S* «B<0 V 
- ^- E?!l * W t X v » 4 o "C, l> t tz Tfs< 9 * - $ frfr «T > 
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[0 0 6 31 

, VSV, XfiBPVm, BifLli^M^O^a-^^^^^-^^-tr^) 
[0 0 6 4] 

jH^itf^te „ T > e v 'J ^jlfrttitfe^s ^^7^y >Ittfeitfci\ -t? * ~> >» 

FR^fflv^tta^tC®^^^±«(i. Urlaub'b. Proc. Natl. Acad. Sci. USA 
, 77:4216 (1980) K J: o Tfa*t£ J: 9 $ ti .Rolf fit $ fitz, DHFRffi 

m^&Ltz c h oan/i&^-c* & o 

[0 0 6 5] 

^^±^fflJ3&fi> Gethingf^ Nature, 293: 620-625 (1981) ; Mantei h 
, Nature,281:40-46(1979)^hncfB^$ttTV^ o 
[0 0 6 6] 

l§)Ml/:^n-y^iv^, il#^^^f^'7'n^ m R N A OSj^ £ 
5e41-&*:#?>/ — r^7*n7 h&[Thomas, Proc.Natl. Acad. Sci. USA, 77: 5201- 
5205(1980)]> Yv Y7Uy7-t I"? (DNAM) > Xf±in situ'W V 4 
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!$m 2002 -318846 



23/ 



[0 0 6 7] 



UMzn&kvxit^o 

*mMmXte^ 32HBOn K>£UAGKfimLfcRas* W^gjtfc^-fcCHO 
»I*l^3i$-£T. M^fitC3-3- K^n^>£^L£Ras* 

[0 0 6 8] 

(1) If/W-tf— t RNA 

t^Pyf - t RNAt LTfflv»/:B. s. f-n^>y t RNAOlfe^ (1675$ 
g) <7>^M2^iJ(iJ^TOiii9T"ab^o 

AGCGCTCCGGTTTTTCTGTGCTGMCCTCAGGGGACGCCGACACACGTACACGT CGGAGG 

GCTAMCGCGGCGGACTCTAMTCCGCreCCTTTGGCn^ 

^(XmTlTTTCTCCAGCTCCCG 

(mm^ i ) 

^OSE^iJti, h^tRNAJilfST-^V-r-iB^J (H.van Tol"c>, EMBO J. 6, 35-3 
1(1987)) Bacillus stearothermophilus^^n v > t R N Aitf^^T 

& X TNim * - 5 * - * - (H. van Tol „ EMBO J. 6, 35-31 (1987) ) Sr CI tf>JH# 
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[0 0 6 9] 

u^^Jftl ©E3?S*tt&- 2M9lDNAf:J\ PCR^^f^-iifO-* 

L-C, (1) (2) <7)2o<^7 p 7^^- ; Srfflv^^PCRlC ioTliiPSL/cD 
NA|)t^ EcoRlS.tMlindIII-e^O®f t^lC. p BR 3 2 2 OEcoRI tHindlll 

-fyj-*- ( 1 ) : CACAGMTTCTCGGGAGCTGGAGAAAAAAAC (SB^iJ#^ 2 1 ) 
-fy 4 ^ - ( 2 ) : CACAMGCTTAGCGCTCCGGTITITCTGTG (@S?iJ#^ 2 2 ) 

-etT, B. stearothermophilusO^ , /Vy-9--f : -n>'> t RNAitf^^lW) 
M i: 9 o a t° - Lf:Ifg?^ 7 X ^ - ^JilTO 2 o^X f 7 "/i: i *)#t£L 
(H3) o 

[0 0 7 0] 

£1\ 3oo^|>7'7^v-t7 M~3<077^v- (1) (2) ZJrti 
-ettfflv^T. J^TOI^PCR^ GeneAmp PCR system 9700(Appl ied Biosys 
terns) £ffiv>Tfi : &o7to 

m 1 0^jS{±> 
Hi -fey hO^'f^- (1) : 

AGCGAGTGTTMCCCTGCCTAGCGCTCCGGTTTTTCTGTG (WM^ 2 3 ) 
Hi -try fW7°7-f7- (2) : 

ACACACCCAGCAGACTGGCGGGAGCTGGAGAAAAAAAC (ffi^J*-^ 2 4 ) 

A<D±m^ ■fy^^-M^mtL (pb s 1, mm-^rl 5) iODNAO 
T^K, BstXI-mfi (CCAGCAGACTGG : SE^J#-^ 17) WfM-«rf^ 

[0 0 7 1] 

H2tf>J£jfcf*, 
H2-by b^y^-Tv- (1) : 
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2002-318846 ^ ^- v : 25/ 

ACACACCCA(x:AacTGa(x:(xnx:canTiTr^^ (@fi^ij#-t2 5) 

&2*7 Y<D?U*?- (2) : 

ACACACCCAGCTTCCTGGCGGGAGCTGGAGAAAAAAAC {WM^r 2 6 ) 

IE?iJ^ttl»DNAO±Ii;, Bs tXI-l»ft (E^J#^-1 7) i©D 

NA©T*t, IfeOB s t X Ittfk CCAGCTTCCTGG (BstXI-2; SB^J#-^ 
1 8) fcfERLfco 
[0 0 7 2] 

f|3-try b^)^7^v- (1) : 

ACACACCCAGCTTCCTGGAGCGCTCCGGTTTTTCTGTG (E^iJ#-^2 7) 
03*? hO^'fv- (2) : 

ct(x:gcgmtatcgtagtcgcgggagctggagaaaaaaac (@b^ij#-^ 2 8 ) 

&JBv*T3§1frOP C R fcm^bti&KJ&gcftKXP C R *v> N E?IJ#^ 1 <7> 
E^J^-r^DNAOJbm^, Bs tXI-2*M£ (E?!l#-^ 1 8) > TSEK-ffe 
07 , 7'fv-^fipbs2 (Ey"J*^16) **"f&»fM-*f^«t/io 
[0 0 7 3] 

Z<D*r79 pb s 1 (ifi^J#-f-l 5) OE^JKEcoRIIWIRSBte*: 

&J&?&tz&<DmWtt1)UZtitz-77 4-?-t, p b s 2 (gE^!l#-^l 6) <£>E 

[0 0 7 4] 

£<b£, WacLT, M^lC#^HindIIItEcoRI^i/6HtJP$tL7^ifM-. PiSfll 
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1BU 2 S> KpBR322 (^Si£#5S;3rtt) <7>EcoRI t BamHIgfrftO f * n - >-ffc L 
T> 9 n e — ^Bacillus stearothermophilus^T'V' ytf— f-n v > t R N Ait 

[0 0 7 5] 

HI 3 lC;j3v>T, pbsl. pbs2, BstX-1, *3iI^BstX-20JfilfeE^J»±^ii*) T? 
o 

pbsl I AGCGAGTGTTAACCCTGCCT Qgffil&^r 1 5 ) 
pbs2 : CGACTACGATATTCGCGCAG (WZm^ 1 6 ) 
BstX-1 : CCAGCAGACTGG {W^m^r 1 7 ) 
BstX-2 I CCAGCTTCCTGG (WM^ 1 8 ) 

^7^^ KpBstRNAti. 9 3 tf-OBacillus stearothermophilus-^yV y V — 
f-u-yZ/ t RNAfciS^Sr^rtaOTN I&^*fflMl*Itr<^Bacillus stearothermop 
hi lus-9" ^yf-fn^tRN AiHS^OS&aBi £ffia£> * CI £*T* § , 

[0 0 7 6] 

(2) ^iTy r RS 

^J»B SE*# TyrRS (J^T> TyrRS (V37C195) £v>?) Ostfs 

±iEtf>;£8c"tN 3 7Uttzit 1 9 5fi^>-€-tL-r^T 5 ;t<7)li«$fL 
fc-T5yim&#&3-K-r*DNAE^, ±ffi7°^-f^- (3) frh (8 
) *ffl^-C^«t^o 7*7 -Tv- (3) RXf (4) t±. 3 7tiL<D&m<7)tzl&<Oi> 
<DX*$>2> 0 itz-fy^-^- (5) (8) it 1 9 5{£0&^<7)*:a60 & <OX~%> 

out, 3 7ft£«J:t/l 9 5te^-*L-r*t<7>— y^tM^^" Vir&y 0 ? 
*3 K^ib. y^-f^- (1) t (1 0) Oft, /f'fv- (9) Mil) © 

( 9 ) »fcPCR Tliffi-t * £ t \z X o -Or* o 7t 0 
PCRWM, ? -pcDNA4/T0 (Invitrogenfi) <07;Vf^^ o > 
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[0 0 7 7] 

( 3 ) m%mffiM-e<D 7WN'-t7"U-r>3 > 

LipofectAMINE 2000(Gibco BRD^&K^oT, 3 Smm^'V- hMtz*), 
%T~fy 7s ^ KKov^TO. 5 - 2 /z g <7)DNA£ffiv>T h 9 > * "7 * * v a > *'fx 
Opti-MEM KGibco BRL)£. ^ttLtfflv^:, f7> 
^7x^y3^24 Hflfi:|SL, SDS-PAGEIC« U -e<7>m> £t-FLAGM2i5L 
# (Sigma) ECL+^^g^tUvX-fA (Amersham Pharmacia Biotech) £ffiv> 

. LAS-1000plus(W±7-f ;VA)^ffiv^-CfflSU7to ras(Am)jg»^ifcicO/ii6 
^S^Mrasj^ (#0. 5^g) £tl-FLAG M2*iL#T V << -ir (Sigm 
a) fcffi^T, 1*6 5c7)ig#-7°V- h (lOOmmS) X~&4mWiLtz 0 ifrfc 
^nvf^77^-xV^ha^^-SMf (LC-MS) t * > t* A ^fi^ 

~> - ? ^ > v > ^ £ if & O o 

[0 0 7 8] 

(4) CHO-Y« 

TyrRS (V37C195) ££5£K^-f&CH0-Y«£flJ& tztb, rh7t-f^V> 
/l/yt-^ >^^S^^^mi-^>T-REX-CH0fflJ3a (Invtrogen) T 9 
7^^ KpEYSMlth7>X7x^ Mf; 0 h7>X7x^^>Mi, 25 
g/m l <7)l£*i/> (Invtrogen) fc^tf^-eiiiRU 1 fi g/m 1 <£>^£T 
t\ M$lLtimm<7>, TyrRS (V37C195) O^^p^T, CHO- 
Y»£#£ 0 Tn^ >/N^®O^O^i6^ N CHO-YW±, ras(Am)i:B 
aci litis stearothermophilus'9-7'1/ f-n v> t RN AjfrfeT-S: c^tf/^;*. 
5 Kfb7>^7x^h L*z 0 l>7^7x^y 3 ^2 4B#^^ N -f h y-^ 
<i?V> (l//g/ml) h3-3-F-L-fny> (0. 3mM) fc^lc^s 

flnU £<bK2 4B#p B m«ffl»ai#^ii^L^o 

[0 0 7 9] 

(5) 7W^3K>W^), 3 -3- K-L-^nv>Ifci9 Zfr 
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©js*#*Lfc 0 *i*w, p§iiygi»{^ mvmtfrb. -**<DT$;mt. 

tBM&%dfrb<7)m-&.M<7)TyrRSte^i*fci>, lt3-3-K-L-fn 
v>£f»L£v*o Lfc#ot, 3-3-K-L-fny>li, *5^'b<> f-n 
i/>Oftg^o^052 s *^J:^#14 : SrWL'Cv^v^ 3-3-K-fny 

^*(±, 3-3- K-L-fOy>^^$Wt:iiL (T 5 yBWSt£ft<afci& 
^K c a t /K m «tl±, 3. 3X10 3/M/s)^fOy>$:+|SM$t 
(K cat /K m fli, 3. 2X102/M/s) ifc#«#$*itv» 
*B§mTyrRS(V37C195) £fflV>/wo $ f> TyrRS (V37C195) 14 
, &Wli:^t<7)K ca t/K m i (2. 3Xlo6/M/s) tit-<X 
, L-fo-»l: 1 0 0 0 OffiH&v^^fStt-fk-t^o 
[0 0 8 0] 

(A) J±, 3-3-K-L-fny>«T, (B) & 3 — 3 — K— L 
-fn-»fflET"C*So f^tOl/->t\ ras(Am)a^ : f-^SA^tt/i 0 » 
4»KTYrRS (AfcB<PV->l) if;IJTyrRS (V 3 7 C 1 9 
5) (A t B<7)l/-> 2) (i. Bacillus stearotheraophilus'9-7'1^ y -9— 
y^tRNAfctil^ CHO»fltHILf:o 3-3-K-L-fnyy ( 
IY) <7)jf&ttzl±3m&, OTIUTyrRS^^'f/liwt (T y r R 
Sif&M) . mu t (TyrRS (V37C195) ) -C&^Lfco 

[0 0 8 1] 

IH 5 KTjrfJ:? K % &»Ty rRStTyrRS (V37C195) fi> 
Bacillus stearotheraophilus^yv v "9— ?-n v > t RNA <h> ras(Am) 

(HI 5 ARimSB) o 3-3-K-L-^n->y (HI 5 A) 4>^q£fiET"C> 
P0^ff|:o^T7>^ , '-t7'l/ y v a ttfc^ 5 \ TyrRS (V 3 

7C195) <7)ras(Am)m^<7)lR^l±, ^Wf0 4 0%Kif4*9fc, £ 
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^-v: 29/ 



<DZti&* i^f^3-3-K-L-fny>(7)^Tt^ TyrRS (V 

3 7C195) tt, ^liH-fD"»*BIIU 7>'*-' aS^-€-*L=Sr^l3 CI 
tfdt=Sr^i- 0 ov>T% 3 -3- K-L-^-ni/>Sr*jj^«jS0. 3mMfcfc* 
ctd^^^^iPt^ (L-fny>|i^<02^M'C^-?v^ > : (H 5 B 
) ) o 3-3-K-L-fny^c«li, Mifflin «i:A/^l$»«:^- 

3-3-F-L-fny>«Tt\ TyrRS (V37C195) 

a iP*ffl»**cE«:i-*V^>l/*-C3fc#$*t, 3-3- K-L 

-fOy>«i:J: ^^ftKIRlJ tt> TyrRS (V37C19 5) 

[0 0 8 2] 

( 6 ) R a s j^tfOfilfg 
3-3- K-L-^-n->>^i9 £^£ffi|^U ^*i^T>^H&m (3 2ft) 
£ £ ^rliSfSi-^/cad^. Achromobacter7°n-rT— trl(Lys-C) lUot 

m (LC-MS) laotilTLfco o^T\ 3 2<i^!9 ZttltzT^ 

Alzo^XMtitLtz Serl7^f>Ly 3 4 2 iW««i:ffli 

U 3-Kfny>tfDy>^3 2ti:^tr20(7)ijt IY^YHi/ftf- 
&) ) 0 
[0 0 8 3] 

EI 6 ii > ras£ £>Vas (Am) mm <D L C - M S 55-#r £ ^1" 9 7 & £ o 
EI6 (A) (i, ras(Am)|ff>i- (ft-ba) RXfrosM^} (f t-hB) Kov> 

EI6 (B) (i. ras(Am)B% (f t-haMb) XtfrasgW (f^-hc^ 
tfd) frh<D, lYWr^K^X (ft-faMc) ^Yif/t (ft-hb 

4 2 (SALTIQLIQNHFVDEYDPTIEDSYRK) <b ft , I Y BfrM- &Tt®L<D Y ^ 3 - 3 - 
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®6 (C) fi> I Y»^f Hl/«t*4o N«i^ 

C-mft-JjfiWUfrW&tt*. VaU Asp, Glu, 3-Kfny^Asp 

[0 0 8 4] 

ras(Am)^^^*flc^v^T, I Y®f/tf*3il < ftlll£ tt (H6B, ft-hA 
) . 3 -3- V-L-^vi/xntfj^mi*) ZfrZypLtZo ? yr&MA*^? 
hfr\,Z£^X®:fcZtltzZ<7) I YirH-OSlS^SE^Jte. 3-Ffny^3 21£^ 
H^iIR*) itttfcC^^mEL/i (06 C) o flrtT, Y»rfi-tt&ffl$*tr m 
6B. f^-hb) . 3-3-K-L-fOy^ 3 2tt^L-fDy>0 

3 2&£^-t-££f±^ iHt, LC-MS^lci ^INffliStLfco CltUcfctL 

3 -3 - K-L-^-nv><7)^T-e^^tL/iras(WT)m%Hov>T(i, 
Y»Wte«*?£*Lfc (ft-hd) ^ I YWfM"tt«l«$*t*^o3t (H6, 
t-hc) o ciocifcti, v>1^oSUESft*K fny>wfiLli:3-3-K-L 
-fny>^0 dtf"C^>6 9^'c>. CHOHlM»TyrRSIi, 3 
-3-K-L-fny>Mtf, TyrRS (V37C195) {iF*J0t£O 

EI 6 fcjjr*-J:-? fc„ 3-3- K-L-*-n-> KOkf-^^tti 
$ *t£ (HI 6 B (a) ) o f&}^ & LUAG^ K V j&*3- 3 - K-L-f- n v T 5 

'>>*^tr^^KI±ffetb$tL35:^o/i (H6B(b)) 0 UAGn K^Wfe 

[0 0 8 5] 

iO»*fjg**±, &M£*t£Ras* W^^<7)te^lOO%;6^ UAGrrK^tcioT 
[0 0 8 6] 

( 7 ) 32*I#T y r R S <*>ilt*n!rt&&»Sfc J: 9«W$ii*3-3- K-L-f 
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u*-*-frh5&Wth, TyrRS ( V 3 7 C 1 9 5 ) ]&m=FZ&fcl'&W1r 
^,CH0^7^> (CHO-YS«tMS) £iUiiJL7Co ras (Am) itfS^ 
^Bacillus stearothermophilus-9-^l/ y-9— v> t R N A^ST-Sr^^T? 

, CHO-YSMfflc-HW^AL^c 
[0 0 8 7] 

IH7(i> Ras^ >^^^K<7)3 -3- K-L-^n v><7)^t9 i^lcov^T, f?& 
nJi'5r7>A-t7'l^ 7 y 3 VO«7x^ ^ >7*n y F^ltli^o ras(Am)jt 
ittlt, CHO- YfflJ&lZ^AZtltZo ras(Am)it^5■ : f-{i^ Bacillus stearother 
mophilus-^T 9 ^^-^— fny> t RNA £ K (l^->l-3) CHQ-YJfflJI&fc^E 
XZtitio V-Vlti, f f 7 1 ^ 'J > i: 3 - 3 - K-I^f n y V- 
>2lif h7t-f^'j>^lU 3-3-K-L-fny>ia % V— >3(± 

[0 0 8 8] 

Hmcjjrfi:? K> TyrRS (V37C195) »±, f f7t^f^V>^ 
ift^OTE-J-*fc#tcf63RL/i (®7> U->lRU t 2) 1)K >f>fa-t-4L 
■CttlKHtft^o*: (V-^3) o 3EBl"*/Wi. — ^^m^^ALTtry 
7*3 KHJfilUTy r R S (V3 7C19 5) *>l^;KZ> 2fln?*ofco 
3-3 - K-L-fny>tf UV^M^^T-C, t^-r>3 

>3»3 0%-eras(Am)M#Sr^lU L£ (1^->1) 0 ras (Am) t±. CH 

O-Y«<t"ir(SI^^0^tL^ras(WT)^^i: i> fc, LC-MSCi *)$-$T 
U ~fy 7 3 M^WTy rRS (V37C19 5) TORfcR— ' r*£>& i fctf* 
j^Sftfco 9 5 % £ Ji 0 & ras (Am) jg^ri*, T W*-<fcfiK 3 - 3- K- L — f- 
ny>^ 3-3-K-L-foyXi, ras(WT)^4 , T^ttB$tL^^o 

fc. 

[0 0 8 9] 

fllT^ 3-3-K-L-fny^ftTf (U->2) , ras(Am)jg!»«\ 
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fco ^tLibOHmti. f h7t^f^'j >^ TyrRS(V37C195)§£5lOMS£^LT 
% ras (Am) ^1*1^0 3 -3- K- L -f-n > >^ 0 d**^5btc#b#-^*t* i 
tSr^Lfco EI 7 tH 5 A t<Ditm±, 3-3-F-L-foy x^^ftTt 
L-fOy >M t) ^7XU>t>TyrRS (V 3 7 C 1 9 5 ) 

ZLLtzmm-cmmztitzo znm&ifr*** t^jMcowrwu 

[0 0 9 01 

T y r R Sitf^t * -stfs^OfllH 

tlTyrRS (V37C195) fltfsTx r a s il^ftOUiJ&fcftH^S 

JfipS-r^CltlCj: 19, FLAG*** (DYKDDDDK) fctfJoLfco PCRI 
^tix BilLISm-e^m^Tt^tc, ^*-pcDNA3.1/Zeo(+)(Invitrog 

en)*w^n->-ffcLfeo Ty r RS (V3 7C19 5) Koi/>-C> PCR^tJfc 
% ^^^-p C DNA4/T0 (Invitrogen) * n - L t\ rh^t'f^ 
y VfWflPI&S^fcfctf) * S KpRYSMl fcfERLfco rasitf2^0«M£# 

B^»l 0 6 8fiWfny>3 K>£, T^/^-n K^K^HLfco 
3bfc*W?*« (v7/^I) (Clontech) Ill <£M 
ATG(XJMCTACTCCAlMJTG(mXJMTTCTGCAGATATCCA^^ 

k>*±t«i) (@e^ij#-^i 9) 

fco »&*Lfc3H£iF£. ^**-pcDNA3.1/Zeo(+)K*n->ftLfc 0 
^a^F-OSyiJ*^ ABI Prism 377 DNAv-*Ji>-9— (Applied Biosystems) 

[0 0 9 1] 

LipofectAMINE 2000(Gibco BRL)O^H^oT, 3 5 mm-fU- VMtz *) , 
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±MTy r RS^^^^-O^tt-rtt^oV^T, 0. 5 - 2 g 4>DNA£ffl 
Kf7^7x^y 3 >£4t&o£o Opt i -MEM l(Gibco BRL) £r x igtfifc fC 
fflv»fco h5^7x^">3 ><7>2 4l$n&tcMU SDS-PAGE 

^-FLAGM2i5L#: (Sigma) ECL+^^ttS x A (Amersham 
Pharmacia Biotech) £ffi^T 7 x7 * >*/n y y- 1 >r&fr £ ofz a Y<0 
ail££>f ^-yTt^'ff-, LAS-lOOOplusCWi^ 4 ^fflv^Tiffl^LTto 
[0 0 9 2] 

04 ti, C H OIM O 7 > ^tffit ^FLAG^Ml 

El 4 (A) \z^X, IffeSrasat^f- (V-^l) £ fctiras (Am) iAitt ( 
V->2-8) ti> -ett^tLFLAG^^Win^tL-C, CHO»l*lt:fA$ 
*L£fcOT?fc£ 0 kht^-yt-fDyVtRNA (l^->3) Sfcti^JM 
TyrRStTcift/l/^t-fnyytRNA (^-^4) liCHOW 
-C3&5IL/io £<7>^^l£, F LAG? ;7*£^T LTV>& 0 Bacillus stearothermop 
hilus-9-yi^y-9— fnyv t RNAte, TcJIlT y r R S i: t U: (V->5 
£0*8) . ttummteLT? (U->7) > CHOIWtMU «lTy 
r R Sifi^k CHOjSfflJjSft-ef&^L-fc (l^->6) o Bacillus stearothermop 
hilus^T'l' yt-fny> t RNAIi, 1 n \£-<Dl&{Klr$:%1r& 7?X < K 
(V'-V 531^7) ^<b. 9 3l;-Oi^^fn7"7^^K (l/->8) ^ 
fe, »SLfe, 2. 5^ g<0mfflffi«O^£&OT*&iK 

> 2 - 8 {i-eo 4^S(7)»JftfcB!i/^0-^/c 1 

H4 (B) K£v>T. #*FL AG*^#2jn£*L£. 1 0 6 8fil:7>A- 
nKVfc-gtr (V->l-3) , ^miEGFRlfef (l^->2) . ±& 
(EGFR) I^^CH0W:iAl/: o Bacillus stearot 
hermophilus-9"7'P7-t~^n v> t RNA fc^ftfT y r R S ^TkMfflJ&cfC 
$k$LLtz (U->3) o 1 t 2 t*7Cif T y r R SOl/^K'fo^v^ 

[0 0 9 3] 
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m 4 tc^i" X 1 \Z % Bac i 1 lus stearothermophi lus^t 7" l' y "9" — t RNA t jzBIB 
TyrRSO^^^^ 1 5 %^^trras(Am) «fOT >/^-^^^7 p V y V a > * 
iod-r-r £ £ji,tfi Lfc (H4A, 0 •KW/l- ? v a >t±> t RNA 

(V->6) £fc»±B£fc (V->7) <DV*1?irifr<Dm£&.T-?te ! &Z.L>%fr<>tz 
o -9-7°W va >Ofc&07C)i§BTyrRSOd&^i${^ Bacillus^ 7° v -9— f-n 
v> t RNA^\ ffl^^rtBft^a a RS s t:iot75 /7'>Mb§tL^v> 

BTyrRS«>S&5Hi, **LgflC CHO»MIKi:%^«:4iiV> e 
[0 0 9 4] 

^OllO^T'O, f Dv-V tRNA • Ty rRS (D^TOt^V? v 3 
spti, H h-9--7°l/-y^— ^-n *y> t RNA«$ fcl±, ffi^IattT'fK (2 
0-4 0%) iOt^Uyf-tRNAs^iH, *L<ft**o/t 0 "9" 7° 
Vvv 3 t7"V-yt- t RNA&^&JaiO J: <9®C#-C£ 

& 9 n t: - OBaci 1 lus stearothermophi lus-9" 7*V"/t-f n->> t RN 

#Lfc (EI4A, V->8) o £<*Mfc«\ t: ftyi/yt-f ny> t RNAt 
EE$fc1* & & O Tr & & 0 £ Baci 1 lus stearothermophi lus-9" /V^f-fn 
~>> t RNAO^cOfcaMcc^y^* ^ K£fflv^ 0 
[0 0 9 5] 

Bacillus stearothemophilus^:/W^-?-nv> t RNAtjcllTy r 
RSi:^7ii, tM5ttf2 9 3»7W^I^ CHO»t« 
£|BMtK-9-7 8 W V3>£££ L7t 0 Sfcfc* ±SMif^lfS : f^7> 
$j^2 0%X-*)-~7Uv i/3 >Z$:tffz (134 B) Aequorea vie 
toriaft^^ W^RfltfE^OTV^-ggm*. H W$tt^l/^ v 3 > 

[0 0 9 6] 
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[JfclfiEW] 

ilLittf^T >^*-t^V ^ a H«4»Ofn5/Vt RNA 

• T y r R S^TOl&^O&Utt 
^»-C<7)t RNA^iilt RNAn-f ^ >?ffl&\ft<D 2 o«>|*jSfc:/n 

v?XBLfr'£t%\<*tztb, V 9 tC 1 0ZAtGX~&*W&L, **?**A£ 
ff^L/c (0 2) o *Ofe*»e>*t/i5^^ y^tt**** G10-G2 5ti, G 
2 5 fcCKS&LTflBELfc (^T, tRNA^yr (A9G10C2 5) 
9) o ^lffnyytRNA^)9il 1 0f£, 2 5f£*i. 3 JfcxOffiZffcffi K 

[0 0 9 7] 

CUA7>fn K>«r^ri"* t RNAT yr (A9G10C2 5) OE^IJ*, 

>9--^n t R N Aitfe-?-^ T^-f/Vya b n iwpfit:: 

flUHLfeo 7>A-t^l/y *>3 VtJJ|*ft*fc*> file -Ha-RasKov>T 

>^»L/c 0 %M*feBirZ>fcit), YLkQ^-ff-Yty*. rasiUS^ ras(WT) 

o 

[0 0 9 8] 

dtL<b60rasitf5^«r. CH0«^a»AL> -C-ft j5fcFUG£t#:£ffiV> 
tz. mm^^<0^x.^^y-fu y HCi l^tfJLfc (H14) o ^-/W^-tR 
NAO^^£TT% rasOTDjMK^Ol&a^W^tLfc** % ras(Am)0 

*mti^UJ$*tJSr^o/i (W>2) o £*U±, aBflartSUOH^r^y^y^- 
rS14o^$n^^L-Cv>^o thf/V7t-fny^tRNAli> KoSftK 
(lx-^3) "C^ffiSfra J: ? K> ras (AnO^TV^-gEHfc, 2 6%« 
t\ tyi/r>a>^Lfco 1fe2n?N CUAT>f-3 K t 
R N A T y r (A9G10C25) it. jsMMfr h OS^lUOTyrRS 1 1 i> IZ, ^-fV v=y 
a y%mZ%:fr<ofz (W->4) o ov>T?, 33t*l±. **y^XA (G9G10C25) * 
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[0 0 9 9] 

\Wi K it a - Kf- n v > c7)>SA iTZifeK LT23 0 „ * ^ f^x y ^ 

o*»at»*f o^j^b * ism t 1- a 0 
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[0 10 0] 

imm] 

SEQUENCE LISTING 

<110> RIKEN; Japan Science and Technology Corporation 

<120> A method of expressing a protein in which an unnatural amino acid 
is incorporated 

<140> RJH14-151T 
<141> 2002-10-31 

<160> 29 

<210> 1 
<211> 167 
<212> DNA 

<213> Artificial Sequence 
<400> 1 

agcgctccgg tttttctgtg ctgaacctca ggggacgccg acacacgtac acgtcggagg 
ggtagcgaag tggctaaacg cggcggactc taaatccgct ccctttgggt tcggcggttc 
gaatccgtcc ccctccagac aagtgcggtt tttttctcca gctcccg 167 
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<210> 2 
<211> 44 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

ggaattccat atggcaagca gtaacttgat taaacaattg caag 44 

<210> 3 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<400> 3 

gccgaagctt gtcgactttc cagcaaatca gacagtaatt ctttttaccg 50 

<210> 4 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 4 

aggatcgaag ccgcaagcga gcgcgatcgg gccttgcgcc 40 

<210> 5 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<400> 5 

aggatcgaag ccgcamnnga gcgcgatcgg gccttgcgcc 40 

<210> 6 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 6 

acggtgtggt gctgtctatt ggtggttctg acc 33 

<210> 7 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 7 

acggtgtggt gctggcaatt ggtggttctg acc 33 

<210> 8 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<400> 8 

acggtgtggt gctgaacatt ggtggttctg acc 33 

<210> 9 
<211> 33 

tblE#2 003-3100219 
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<212> DNA 

<213> Artificial Sequence 
<400> 9 

acggtgtggt gctgtgcatt ggtggttctg acc 33 

<210> 10 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<400> 10 

ttcttcggat ccaaccagac tgcgccgcct tc 32 

<210> 11 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 11 

gatcatctgg ttaacggaga agtgtttgcc 30 

<210> 12 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<400> 12 

gaccttcctg tgcgatattg gcaaac 26 
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<210> 13 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 13 

trgcnnagyn gg 12 

<210> 14 
<211> 11 
<212> DNA 

<213> Artificial Sequence 
<400> 14 

ggttcgantc c 11 

<210> 15 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 15 

agcgagtgtt aaccctgcct 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<400> 16 

cgactacgat attcgcgcag 20 

<210> 17 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 17 

ccagcagact gg 12 

<210> 18 
<211> 12 
<212> DNA 

<213> Artificial Sequence 
<400> 18 

ccagcttcct gg 12 

<210> 19 
<211> 63 
<212> DNA 

<213> Artificial Sequence 
<400> 19 

atgggaacta gtccatagtg gtggaattct gcagatatcc agcacagtgg cggccgccgc 
gtc 63 
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<210> 20 
<211> 11 
<212> DNA 

<213> Artificial Sequence 
<400> 20 

agttcgantc t 11 

<210> 21 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<400> 21 

cacagaattc tcgggagctg gagaaaaaaa c 31 

<210> 22 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 22 

cacaaagctt agcgctccgg tttttctgtg 30 

<210> 23 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
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<400> 23 

agcgagtgtt aaccctgcct agcgctccgg tttttctgtg 40 

<210> 24 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 24 

acacacccag cagactggcg ggagctggag aaaaaaac 38 

<210> 25 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 25 

acacacccag cagactggag cgctccggtt tttctgtg 38 

<210> 26 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 26 

acacacccag cttcctggcg ggagctggag aaaaaaac 38 

<210> 27 
<211> 38 
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<212> DNA 

<213> Artificial Sequence 
<400> 27 

acacacccag cttcctggag cgctccggtt tttctgtg 38 

<210> 28 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 28 

ctgcgcgaat atcgtagtcg cgggagctgg agaaaaaaac 40 

<210> 29 
<211> 424 
<212> PRT 

<213> Escherichia coli 
<400> 29 

Met Ala Ser Ser Asn Leu He Lys Gin Leu Gin Glu Arg Gly Leu 
15 10 15 

Val Ala Gin Val Thr Asp Glu Glu Ala Leu Ala Glu Arg Leu Ala 
20 25 30 

Gin Gly Pro He Ala Leu Tyr Cys Gly Phe Asp Pro Thr Ala Asp 
35 40 45 
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Ser Leu His Leu Gly His Leu Val Pro Leu Leu Cys Leu Lys Arg 
50 55 60 

Phe Gin Gin Ala Gly His Lys Pro Val Ala Leu Val Gly Gly Ala 
65 70 75 

Thr Gly Leu He Gly Asp Pro Ser Phe Lys Ala Ala Glu Arg Lys 
80 85 90 

Leu Asn Thr Glu Glu Thr Val Gin Glu Trp Val Asp Lys He Arg 
95 100 105 

Lys Gin Val Ala Pro Phe Leu Asp Phe Asp Cys Gly Glu Asn Ser 
110 115 120 

Ala He Ala Ala Asn Asn Tyr Asp Trp Phe Gly Asn Met Asn Val 
125 130 135 

Leu Thr Phe Leu Arg Asp He Gly Lys His Phe Ser Val Asn Gin 
140 145 150 

Met He Asn Lys Glu Ala Val Lys Gin Arg Leu Asn Arg Glu Asp 
155 160 165 

Gin Gly He Ser Phe Thr Glu Phe Ser Tyr Asn Leu Leu Gin Gly 
170 175 180 

Tyr Asp Phe Ala Cys Leu Asn Lys Gin Tyr Gly Val Val Leu Gin 
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185 190 

He Gly Gly Ser Asp Gin Trp Gly Asn He Thr Ser Gly He Asp 
200 205 210 

Leu Thr Arg Arg Leu His Gin Asn Gin Val Phe Gly Leu Thr Val 
215 220 225 

Pro Leu He Thr Lys Ala Asp Gly Thr Lys Phe Gly Lys Thr Glu 
230 235 240 

Gly Gly Ala Val Trp Leu Asp Pro Lys Lys Thr Ser Pro Tyr Lys 
245 250 255 

Phe Tyr Gin Phe Trp He Asn Thr Ala Asp Ala Asp Val Tyr Arg 
260 265 270 

Phe Leu Lys Phe Phe Thr Phe Met Ser He Glu Glu He Asn Ala 
275 280 285 




Leu Glu Glu Glu Asp Lys Asn Ser Gly Lys Ala Pro Arg Ala Gin 
290 295 300 

Tyr Val Leu Ala Glu Gin Val Thr Arg Leu Val His Gly Glu Glu 
305 310 315 

Gly Leu Gin Ala Ala Lys Arg He Thr Glu Cys Leu Phe Ser Gly 
320 325 330 
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Ser Leu Ser Ala Leu Ser Glu Ala Asp Phe Glu Gin Leu Ala Gin 
335 340 345 

Asp Gly Val Pro Met Val Glu Met Glu Lys Gly Ala Asp Leu Met 
350 355 360 

Gin Ala Leu Val Asp Ser Glu Leu Gin Pro Ser Arg Gly Gin Ala 
365 370 375 

Arg Lys Thr He Ala Ser Asn Ala He Thr He Asn Gly Glu Lys 
380 385 390 

Gin Ser Asp Pro Glu Tyr Phe Phe Lys Glu Glu Asp Arg Leu Phe 
395 400 405 

Gly Arg Phe Thr Leu Leu Arg Arg Gly Lys Lys Asn Tyr Cys Leu 
410 415 420 

He Cys Trp Lys 
424 

[Ell] 7>^-3K>i:ffiItS, 3-3-K-L-fny>»r^ 

^s^ir^^^*^ ffi%mMJfo&*7jii-m>wmx-$>2>o 3-3-k-l 

-fny> (IY) fi, i&i&'f^ L-fOy> (Y) t t i> \,Z$>2>1)K afflflS* 
KWotttiti®., mm*)ttMmmmtt-T y rRSWD, B. s. tRNAT 

[Hi 2] ^JM fny>t RNAfiW^P^t-f ny;v t RNA 
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Bacillus stearothermophi lus<£> t RNA T Y rS^Ot^W-yt-f ny 

> t rn AommRvtm&ZTF-fo 

[H33] HE^tH- 9 ^ tf — <50Bacillus stearotheraophilus-^-T" V 

[HI 6 ] ras&UWAm) LC-MS ^«fOj»*«r^-t ^9 7 

o 

[07] Ras* Wg<0 3-3 - K-L-f-n ->^©JRI) i«^liov>T, 

[®8] «I^TyrRS (Bf&M) <DT $ S S£BE?!l ( 1 £^35) £ 
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[0 2] 



E. coli 



3' 
A 

C7S 

G-C 
G-C 
U- A70 
G-C 
SG C 



SGC tfvPxB 



c ca a ySA G-c c .^A 



3* 
A 

stearothermophilus cts 

S" A 
GC 
G-C 
A-U70 
G-C 
5G-C 



</ C-G 
C AO 

30G C 40 

A-U 
C 
U 

C u A 



'AC 




VaCGC 



c*> — %xg^> 



95 G ~ c u ^- G 
25 G-C C - G 
C-G C • u u 
G-C Uy 

30 G-C 40 

A-H* 
C A 

U MM?** 

C y A 

35 
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[03] 



EZZZZZ] 

(1) pbsl BstXI-1 

gzzzza -^fcxzzzzzn 

-7- (2) ; 

SS2PCRRJ5 ; 

(1) BsOObi V BstXl- 2 

-?y4-*— (2) ; 
Sg3PCR®& 

\ //ss/A OZZZZZZT^ 



(2) 



pbsi Bstxi-i , Bs pq: 2 i .f bs2 i 

I y s s s / /ws s s j> / AY / / / — i 



PCRRJC 

Hfadm 



^^-iIeZ IZZZZZZZZZZZZEIZ2 zz zx: 

-.I f E ZZZZHZ2 ZZ Z2U 

BamHl 



^g^-alE gzzzzznzzzzzxiz /zz zzc 



EccRI l ffcdm* Eco «| , f*""" 1 

pBR322 
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[®6] 




(c)ra*fWT) 

am* 
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